To report the prevalence, risk factors and associated population attributable risk percentage (PAR) for refractive errors in the South Indian adult population. Methods: A population-based cross-sectional epidemiologic study was conducted in the Indian state of Andhra Pradesh. A multistage cluster, systematic, stratifi ed random sampling method was used to obtain participants (n = 10293) for this study.
Introduction
Refractive error is one of the most common causes of visual impairment around the world and is the second leading cause of treatable blindness. 1 Refractive error is a remediable cause of visual impairment, with correction of signifi cant refractive error being a priority of VISION 2020: The Right to Sight, the joint global initiative of the World Health Organization's (WHO) and the International Agency for the Prevention of Blindness. 2 Refractive error has a severe social and economic impact on individuals and communities, restricting educational and employment opportunities of otherwise healthy individuals. Compared to cataract, early onset of refractive error accounts for twice as many blind-person years. 1 Refractive errors were found to be responsible for a signifi cant proportion of blindness and moderate visual impairment in the population of India. 3, 4 Several other factors including genetic 5 and environmental infl uences like nearwork, 6 night lighting, 7 and UV exposure 8 are also believed to play a role in determining the refractive status of the eye, but the true underlying mechanisms involved remain unclear.
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Refractive error has previously been shown to change as people age. 9, 10 Both longitudinal and cross-sectional studies have found an increase in hyperopia with increasing age after the early 30s. 11 As refractive errors are a major cause of mild to moderate visual impairment in the population, knowledge of the prevalence and risk factors of refractive errors would help plan effective refraction services.
Population attributable risk percent (PAR) corresponds to the percentage of risk in the community that is associated with exposure to a risk factor and is used to prioritize public health interventions. 12, 13 To the best of our knowledge, the PAR for refractive errors has not been reported for the Indian population. The purpose of this study was to estimate the prevalence of different refractive errors and investigate the possible associated risk factors for refractive errors and to estimate the PAR associated with these risk factors for refractive errors. In this study the authors attempted to report the data on adult population (more than or equal to 40 years of age) so as to compare the results with other published reports.
Materials and methods
The details of the design of Andhra Pradesh Eye Disease Study (APEDS), conducted during 1996-2000, following the tenets of the Helsinki Declaration, have been described previously. 4, 14, 15 Approval of the Ethics Committee of the Institute was obtained for the study design.
Briefl y, a multistage sampling procedure was used to select the study sample of 10,000 persons, 5000 each below and above 30 years of age based on the assumption that a 0.5% prevalence of an eye disease in either of these groups may be of public health signifi cance. This sample would estimate the prevalence from 0.3% to 0.8% at the 95% CI level. One urban and three rural areas from different parts of the southern Indian state of Andhra Pradesh were selected, with the aim of including approximately 2500 participants in each area, such that these would roughly refl ect the urban-rural and socioeconomic distribution of the population of this state. These four areas were located in Hyderabad (urban), West Godavari district (prosperous rural), and Adilabad and Mahabubnagar districts (poor rural). The details of the sampling strategy have been described in detail elsewhere.
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Interview
The participants were interviewed in detail by trained fi eld investigators after obtaining their informed consent. 15 The interview was performed in a masked manner. A structured questionnaire was used to collect information on risk factors of systemic diseases and personal habits such as smoking.
Hypertension was deemed to be present if a subject had a history of high blood pressure diagnosed by a physician and/ or was currently using antihypertensive medications and/or had a blood pressure reading of Ն140/90 mm Hg. Diabetes was deemed to be present if a subject had a history of diabetes and/or was on antidiabetic medication and/or were found to have diabetic retinopathy on clinical examination. Subjects not providing the history of diabetes but with retinopathy presumably from diabetes were subjected to a random blood sugar test. If the random blood sugar was above 120 mg/dl, the subject underwent a fasting blood sugar estimation on a subsequent day after an overnight fast. History of duration of diabetes since diagnosis was also documented.
Clinical examination
Subjects were brought to a makeshift clinic set up for this study. Informed consent was obtained before the examination. The clinical examination included measurement of distance and near visual acuity with logMAR charts, refraction, and a detailed examination of anterior segment, gonioscopy, dilatation, a detailed examination of lens, vitreous and posterior segment, and visual fi elds based on uniform predefi ned criteria. 3, 4, 15 Refraction was attempted on all subjects Ն40 years of age who presented with distance and/or near visual acuity worse than 20/20 in either eye. Objective refraction was performed by an optometrist using a streak retinoscope, which was further refi ned by subjective refraction. For subjects with distance and near visual acuity of 20/20 or better with current refractive correction, this correction was taken as the refractive error. Subjects who were not using optical correction and had distance and near visual acuity of 20/20 or better were considered as not having refractive error. 16 
Dilated examination
The nuclear opacity was graded according to the Lens Opacities Classifi cation System III (LOCS III); 17 cortical and posterior subcapsular cataracts were graded using the Wilmer Classifi cation. 18 Inter-rater reliability was done between the principal investigator and the clinicians who were specially trained in grading the cataract at the slit-lamp applying LOCS III and Wilmer classifi cations. 15 The inter-rater reliability was also determined between the principal investigator and the clinicians at the APEDS clinic for assessment of agerelated maculopathy (ARM), the early stage of age-related macular degeneration (AMD), AMD, and diabetic retinopathy (DR). The details of training and other procedures have been reported elsewhere. 15 Those who graded lens status,
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ARM, and AMD were masked to the interview data and the investigators who administered the questionnaire in the fi eld were masked to the clinical fi ndings. Subjects who were physically unable to attend the clinic were examined at home with portable equipment. Stereo examination of the disc and macula was performed with a 78 D lens on a slit-lamp; a 20 D lens was used for indirect ophthalmoscopy. Anterior segment pathology was photographed with a Nikon camera (Nikon Corporation, Tokyo, Japan) mounted on the slit-lamp, and posterior segment pathology with a Zeiss (Carl Ziess, Jena, Germany) fundus camera. All photographs were classifi ed according to an international classifi cation and grading system of AMD. 19 The cases of ARM and AMD thus detected were also confi rmed by the principal investigator. While AMD was classifi ed as "wet" (neovascular) or "dry" (atrophic), they were combined for analysis in the present report.
Defi nitions
For our defi nitions of myopia, high myopia, hyperopia, and anisometropia, the refractive data were converted to spherical equivalent (SE), which is derived by adding the spherical component of the refraction to half the cylindrical component. Because the correlation between the right and left eyes for SE was high (r = 0.70, P = 0.01), for the analysis of all refractive errors other than anisometropia, we present data only on the right eye. 
Smoking status
For this analysis, subjects were categorized as "never" smokers (never smoked), current smokers, and prior smokers (those who previously smoked but reported not smoking currently). Current and prior smokers were those who had smoked for a minimum of one year. Subjects who had never smoked, or had smoked for less than one year were considered to be "never" smokers.
We defi ned ARM and AMD based on the published International Classifi cation and grading system. 19 Of the 10,293 subjects examined, data were analyzed for the 3,723 (36.2%) subjects who were Ն40 years old.
Statistical analysis
The prevalence of different refractive errors and other estimates in our sample were adjusted for the estimated age and gender distribution of the population in India for the year 2000 (http://www.census.gov). The 95% CIs were calculated by assuming a Poisson distribution 20 for prevalence Ͻ1%, and normal approximation of binomial distribution for prevalence of 1% or more. Variables of interest were fi rst tested for associations with refractive errors in bivariable analysis using the Fisher's exact test or Chi-square test as appropriate. Variables associated with refractive errors in bivariable analysis were further tested in a backwards, stepwise multivariable logistic regression model adjusting for potential confounders. Population attributable risk percentages for the individual factors identifi ed in the multivariable logistic regression model were calculated for this study using Levin's formula. 21 The SPSS software (version 12.0 for Windows; SPSS Inc., Chicago, IL, USA) was used for statistical analysis. A two-tailed P-value of less than 0.05 was considered statistically signifi cant.
Results
Study population
A total of 2522 (85.4%) of 2954 eligible participants from urban Hyderabad and 7771 (88%) of 8832 eligible participants from three rural areas of Andhra Pradesh participated in the study. The study population was representative of the urban and rural population of the state as a whole. In this study the data were analyzed for those more than or equal to 40 years of age (n = 3723). Data on refractive errors were analysed for 3642 (97.8%) subjects (excluding 81 subjects with aphakia/pseudophakia/total cataract in both eyes). For urban residents the age ranged from 40 to 92 years (52.9 ± 10.7; median 50 years); 410 (45.6%) were men. The age for rural residents ranged from 40 to 95 years (54.5 ± 10.3; median 54 years) and 1301 (47.4%) were men.
A total of 1328 (36.5%) subjects were classifi ed as myopic, 661 (18.1%) subjects were classifi ed as hyperopic, 1393 (38.2%) subjects were classifi ed as having astigmatism, and 496 (13.6%) subjects were classifi ed as having anisometropia. One hundred and seventy fi ve (4.8%) subjects had high myopia. The crude age-gender-area-adjusted prevalence of different refractive errors is shown in Table 1 . The age-gender-area-adjusted prevalence of myopia was 34.6% (95% CI: 33.1-36.1) with higher prevalence rates in men (37.9%, 95% CI: 35.6-40.2) than in women (35.2%, 95% CI: 33.1-37.4). There was no statistically signifi cant difference between the two sexes in the prevalence estimates of all refractive errors, except for hyperopia, in which the prevalence was signifi cantly higher among women (13.3% vs 22.4%; p Ͻ 0.0001) ( Table 2) . Table 2 shows the prevalence estimates of myopia, high myopia, and hyperopia by different characteristics. The prevalence of myopia increased signifi cantly (p Ͻ 0.0001) with age and severity of nuclear lens opacity (p Ͻ 0.0001). The prevalence of myopia decreased signifi cantly (p Ͻ 0.0001) with increased socioeconomic status and with increased educational level (p Ͻ 0.0001). The prevalence of myopia was also signifi cantly higher among rural residents compared to urban residents (38% vs 31.9%; p = 0.001) and in current smokers as compared to never smokers (43% vs 33.5%; p Ͻ 0.0001). The prevalence of myopia was signifi cantly higher in subjects with ARM compared with subjects without ARM (48.5% vs 35.3%; p Ͻ 0.0001). There were no signifi cant associations of myopia with other factors: gender, hypertension, and diabetes. A similar association was seen in the case of high myopia ( Table 2 ). The prevalence of hyperopia was signifi cantly higher (p = 0.001) in the group aged 50 to 59 years (Table 2) . Women had signifi cantly higher prevalence of hyperopia (22.4% vs 13.3%; p Ͻ 0.0001) compared to men. The prevalence of hyperopia was also signifi cantly higher in urban residents when compared to rural residents (24.9% vs 15.9%; p Ͻ 0.0001) and also higher in subjects with diabetes when compared to the subjects without diabetes (24.3% vs 17.8%; p Ͻ 0.0001). Table 3 shows the prevalence estimates of astigmatism and anisometropia by different characteristics. The results of the multivariable logistic regression analysis for myopia, hyperopia, astigmatism, and anisometropia are presented in Tables 4 and 5 .
Discussion
To our knowledge, this study is the fi rst to provide the population attributable risk percentage (PAR%) data on different types of refractive errors in adult Asians. Data from this population-based study demonstrated the expected association between age and different types of refractive errors. Extremely low socioeconomic status, illiteracy, rural residence, smoking, ARM, and severity of nuclear opacity were signifi cantly associated with myopia. Based on our results, smoking, hypertension, diabetes mellitus, and early AMD were identifi ed as modifi able risk factors, whereas age, nuclear cataract and AMD were identifi ed as nonmodifi able risk factors. Table 2 Prevalence estimates of myopia, high myopia, and hyperopia by potential risk factors in the study population (n = 3642) 
Prevalence of different refractive errors
An age-gender-area-adjusted prevalence of myopia was 34.6% (95% CI: 33.1-36.1) in Indian adults, which is slightly less than the prevalence of myopia 38.7% (95% CI: 35.5-42.1) of adult Chinese in Singapore. 22 However, our prevalence estimate of myopia was almost twice the prevalence seen in similarly aged populations in Caucasians (17.5%) [23] [24] [25] [26] and blacks (21.9%). 23, 27 This confi rms a widely held view that myopia is more common in East Asia, based on data in previous studies in selected populations. [28] [29] [30] [31] [32] [33] [34] In contrast, the prevalence of myopia in our Indian population is much higher than that in similarly aged elderly Caucasian populations: 14.7% in the Beaver Dam Eye Study, 24 11.1% in the Blue Mountains Eye Study, 26 and 17.9% in the white group in the Baltimore Eye Survey. 23 We found the prevalence of hyperopia (age-gender-area-adjusted prevalence: 18.4%) was higher in this population, which is much less than among the elderly Chinese population in Taiwan (59.0%). 35 
Potential risk factors associated with refractive errors
As reported in other populations worldwide, age was highly correlated with the prevalence of different refractive errors in our study. 23, 26, 27, [35] [36] [37] [38] When age was entered in the multivariable logistic regression model as a covariate, adjusting for other potential confounders, for each unit (a year) of increment of age, the odds of increment of myopia were 1.06 (95% CI: 1.05-1.07; p Ͻ 0.0001) in this population. Because the age pattern of myopia was described half a century ago, 39 the exact rationale for this observation is still controversial. One theory involves changes in the refractive index gradient of the lens with age. 40 The association of gender and refractive error has not been well established. Our study shows a signifi cantly higher prevalence of hyperopia in women as compared to men (adjusted OR 2.2 [95% CI: 1.69-2.85]) a fi nding similar to other studies. 22, 26, 27, 35 This may be because women's eyes have a shorter axial length and shallower anterior chamber depth than those of men and hence a higher probability of being hyperopic. 41 Our data showed a signifi cant increase in myopia with nuclear cataract. Because nuclear cataract results from age-related changes in the lens, a signifi cant interaction between age and nuclear cataract is responsible for this fi nding. Myopic shift in the very elderly group was found to be associated with age-related changes in the lens in a previous study in Melbourne. 25 In the elderly, lens nuclear opacity becomes an additional signifi cant predictor of refractive error. 22, 25, 27, 42, 43 This is consistent with our fi ndings that the degree of nuclear opacity was positively associated with the prevalence of myopia and inversely associated with the prevalence of hyperopia. Changes in the refractive index of the lens substantially infl uence the shift of refraction. Thus, denser nuclear cataract in the elderly may drive the refractive error in the minus direction, which makes the hyperopic shift less evident. This is supported by data from the longitudinal Beaver Dam Eye Study, 44 which showed that after a 10-year period, younger adults became more hyperopic, and whereas older adults and elderly people became Krishnaiah et al Table 4 Multivariable logistic regression models assessing the adjusted odds ratio (95% CI) of refractive errors more myopic, and much of this may have been related to increasing nuclear opacity.
In our population, the prevalence of hyperopia increased with urbanization and educational status and signifi cantly decreased with decreasing socio-economic status (Table 4) . We found a signifi cantly higher prevalence of hyperopia in subjects with hypertension, adjusted odds ratio 1.24 (95% CI: 1.03-1.49; PAR%: 8% [95% CI: 1%-19%]). The prevalence of hyperopia signifi cantly decreased with increasing severity of nuclear cataract (Table 4) .
There is little population based data available on the prevalence of astigmatism in the elderly. In this report, 31.1% of the subjects had astigmatism (cylinder Ͻ −0.50 D). There are diffi culties in directly comparing rates of refractive errors reported in different studies, because of differences in participant demographics, defi nitions of refractive error and inclusion criteria, and research methodology. We found a signifi cant difference (p = 0.031) in rates of refractive error between people with and without diabetes in the univariable analysis, but the statistical signifi cance did not persist in the multivariable analysis. The positive association of other factors such as smoking and hypertension with refractive error contradicts the previously published report. 35 In our study, we found that ex-smokers had a signifi cantly higher prevalence of myopia, adjusted odds ratio 1.46 (95% CI: 1.10-1.94; PAR% 4% [95% CI: 1%-7%]) compared to never smokers. Smoking contributes to 4% of avoidable risk of myopia in this population (Table 4) . This means that, if we modify this risk factor by appropriate public health intervention, 4% of the prevalence of myopia attributable to smoking can be eliminated from the population. The odds of prevalence of other refractive errors are higher for ex-smokers but they did not reach statistical signifi cance. We did not try to determine the effects of passive smoking. Presence of hypertension was also signifi cantly associated with higher prevalence of hyperopia and astigmatism (Table 5 ). This fi nding too has important implications as hypertension is a modifi able risk factor.
Our study shows that hyperopia was signifi cantly associated with presence of AMD; however, this fi nding differs from a previously published report in which no association was found between hyperopia and AMD. 45 We also found a signifi cant association of myopia with ARM (Table 4 ). The prevalence of astigmatism was also signifi cantly higher in those with AMD, adjusted odds ratio 2.54 (95% CI: 1.54-4.21) ( Table 5 ). This study did not show a signifi cantly increased association between education and prevalence of myopia (used in support of the use-abuse theory of myopia), unlike several other studies. [23] [24] [25] 28, 46, 47 Indeed, this study actually showed a signifi cantly reduced risk of myopia with lower educational level (up to class 10), which is in accordance with a previously published report. 36 However, higher educational status was associated with a decreased prevalence of myopia, though this was not statistically signifi cant (Table 4 ). The mechanism for lower rates of myopia with literacy may not be understood; a possible explanation is that those with no education were more likely to have higher grades of nuclear cataract as compared with those any level of education (p = 0.012), and were also more likely to be living in rural areas than in the urban area (p Ͻ 0.0001). 48 However, the higher prevalence rates of hyperopia among those with higher levels of education found in our study was statistically signifi cant (Table 4 ).
In conclusion, our study provides further epidemiologic data on the prevalence of refractive errors in an adult Indian population in Asia. This adult population had a much higher prevalence of myopia compared to similarly aged Caucasian populations. The high PAR for nuclear cataract suggests the importance of modifying this risk factor as a public health intervention. The strengths of this study are the representativeness of the sample population, the high response rate, and the standardized protocol. The major limitation of our study is that the data on occupation, were not analysed, and this might be an important potential confounder of the association with refractive error.
